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Part I: CONTEXT & JUSTIFICATION
The P&P Industry in difficult times
The forest biomass, a feedstock for new products
The industry is diversifying its products portfolio
Part II: PROPOSED SOLUTIONS 
Energy Efficiency, Intensification of Receptor Mill
Energy Integration of the Biorefinery Unit
Substitute Biomass  Gasification to Fossil Fuel Combustion 
Highlights
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An Industry in precarious Times
The demand for commodity products (newsprint, printing and 
writing paper) is declining and the trend will probably continue
New and large pulp making facilities are coming on line in tropical 
regions with fast growing forest and low labor costs
Forest rotation time
Canada 50-80 yrs 
Tropical Forest 15-25 yrs
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The Forest, an Abundant Source of 
Renewable Biomass
If managed and exploited responsibly, the forest biomass has a
net zero carbon footprint
CO2 absorbed by growing trees ≥ CO2 released by conversion / utilization
Forest do not compete with food crops for arable land; it can
grow on marginal land
The forestry and P&P sectors have solid, well implemented
infrastructures and a trained and competent workforce
Existing paper mills can partition the forest 




• Wood pulp Cellulose Glucose
• Wood chips Hemicelluloses C5 sugars
• Kraft black liquor Lignin
• Bark
• Knots Extractives 
• Wood residues
• Process streams
































From Kraft Pulp Mill to Lignin Biorefinery

























































Exemple: Furfural Biorefinery 
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Bioproducts derived from hemicelluloses 
By fermentation: Ethanol, Butanol, Xylitol, 
Succinic and lactic acids
By chemical pathway: furfural
Lignin extraction
By CO2 acidification 
By electrodialysis
Other Biorefinery Processes in Development
Points of utilisation
Kraft Process: Power boilers and lime Kiln




Intensive process integration 
Syngas fuel to lime kiln
Fossil Fuel Utilisation  
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Stepwise,  project oriented procedure
Combined steam and water systems
Use of heuristics
Process simulation aided method
A Novel Methodology For Energy Efficiency 
Analysis
Main Characteristics
Applied to three operating Canadian Kraft mills
Results far superior to current practice
Validation
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Interaction Between Energy Transfer 
Systems
13GPE, June 2016



























T sinks after mixing
Heat gain to sources
Heat loss to sources
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Biorefinery Process Integration: Case of 
Furfural
Total heating requirement (ΣQH) = 14.6 MW  8.0 MW






























9.9 MW 0.2 MW













Implementation of a Biomass Gasification 
Unit
Replacement of natural gas by syngas to fire the 
lime kiln of the Kraft process 
Technically feasible with few changes to the lime 
kiln
Additional advantage: Low emission of GHG
Obstacle: Low heating value of syngas 
compared to natural gas (6.7 compared to 47 
MJ/Kg)
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BIGCC Ft-diesel Ethanol Methanol ammonia
Total project investment (M$) Total operating cost  (M$) Revenue (M$) EBITDA (M$)
Payback Time of Alternatives
BIGCC FT-diesel Ethanol Methanol Ammonia
11,7 Not feasible 22,0 2,73 6,99




The Integrated Forest Biorefinery (IFB) is an attractive means to 
diversify  the P&P industry and generate new profits.
The feasibility of the green IFB is contingent to three conditions:
– Energy efficiency intensification of the receptor mill, 
– Energy integration of the biorefinery unit,
– Substitute syngas to natural gas to lime kiln. 
Conditions 1 and 2 are clearly feasible.
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